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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No. 2012-
046456, filed on Mar. 2, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

An embodiment of the present invention relates to a semi-
conductor device.

BACKGROUND

A source field plate 1s known as an electric field relaxation
technique for a field effect transistor (FET). The source field
plate which 1s arranged between a gate and a drain 1s capable
of relaxing concentration of electric field near a gate elec-
trode, and as aresult, an FET improves a withstanding voltage
thereol. In order to realize the relaxation of the electric field
cifectively, the source field plate 1s arranged near the gate
clectrode, or 1s arranged overlapping with the gate electrode.

As for an FET which 1s capable of operating at high fre-
quency, such as a millimeter wave band, a high gain 1s
expected when 1t operates at relatively low frequency, such as

a microwave band etc. On the other hand, however, suppres-
sion of oscillation 1s difficult because amount of feedback
becomes large. When the source field plate 1s arranged,
although the source field plate 1s effective 1n suppression of
oscillation, the source field plate increases a capacitance Cgs
between gate and source because the source field plate which
1s short-circuited to the source 1s arranged near the gate. As a
result, the gain of the FE'T decreases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic plane pattern structure of a
semiconductor device concerning a first embodiment;

FIG. 2 1s an enlarged diagram of the schematic plane pat-
tern structure of FIG. 1;

FIG. 3 shows a schematic plane pattern structure of a unit
transistor portion in the semiconductor device concerning the
first embodiment;

FI1G. 4 shows a schematic cross section taken along a I1I-111
line of FIG. 3;

FI1G. 5 shows a schematic cross section taken along a II-11
line of FIG. 2;

FIG. 6 shows another schematic cross section taken along
the II-II line of FI1G. 2:

FIG. 7 shows a schematic cross section taken along a I-1
line of FIG. 2 1n constructional example 1 of an FET cell;

FIG. 8 shows a schematic cross section taken along the I-1
line of FIG. 2 1n constructional example 2 of an FET cell;

FIG. 9 shows a schematic cross section taken along the I-1
line of FIG. 2 in constructional example 3 of an FET cell;

FI1G. 10 shows a schematic cross section taken along the I-1
line of FIG. 2 in constructional example 4 of an FET cell;

FIG. 11 shows a schematic plane pattern structure of a
high-frequency semiconductor device concerning a modifi-
cation 1 of the first embodiment;

FIG. 12 shows a schematic plane pattern structure of a
high-frequency semiconductor device concerning a modifi-
cation 2 of the first embodiment;
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FIG. 13 shows a schematic cross section taken along a
IV-1V line of FI1G. 12;

FIG. 14 shows another schematic cross section taken along,
the IV-1V line of FI1G. 12;

FIG. 15 shows a schematic plane pattern structure of a unit
transistor portion of a semiconductor device concerning a
modification 3 of the first embodiment;

FIG. 16 shows a schematic cross section taken along a V-V
line of FIG. 15;

FIG. 17 shows a schematic plane pattern structure of a
high-frequency semiconductor device concerning a modifi-
cation 4 of the first embodiment;

FIG. 18 shows a schematic plane pattern structure of a
high-frequency semiconductor device concerning a modifi-
cation S of the first embodiment;

FIG. 19 shows the schematic cross section taken along a
VI-VI line of FIG. 18;

FIG. 20 shows another schematic cross section taken along,
the VI-VI line of FIG. 18;

FIG. 21 shows an enlarged schematic plane pattern struc-
ture ol the semiconductor device concerning a second
embodiment;

FIG. 22 shows a schematic cross section taken along a
VII-VII line of FIG. 21;

FIG. 23 shows another schematic cross section taken along,
the VII-VII line of FIG. 21; and

FI1G. 24 1s a schematic bird’s-eye view of a air gap structure
of I portion of FIG. 21.

DETAILED DESCRIPTION

According to embodiments, a semiconductor device,
includes: a substrate; a gate electrode which is arranged on a
first surface of the substrate and has a plurality of gate finger
clectrodes; a source electrode which 1s arranged on the first
surface of the substrate and has a plurality of source finger
clectrodes, and the source finger electrode 1s close to the gate
clectrode; a drain electrode which 1s arranged on the first
surface of the substrate and has a plurality of drain finger
clectrodes, and the drain finger electrode faces the source
finger electrode via the gate finger electrode; a gate terminal
clectrode which 1s arranged on the first surface of said sub-
strate and 1s connected to a plurality of the gate finger elec-
trodes; a source terminal electrode which 1s arranged on the
first surface of said substrate and 1s connected to a plurality of
the source finger electrode; a drain terminal electrode which
1s arranged on the first surface of said substrate and 1s con-
nected to a plurality of the drain finger electrodes; an msulat-
ing layer which 1s arrange to cover the gate finger electrode,
the substrate between the gate finger electrode and the source
finger electrode, the substrate between the gate finger elec-
trode and the drain finger electrode, and at least a part of the
source finger electrode and at least a part of the drain finger
clectrode; and a shield plate electrode which 1s arranged via
the insulating layer over the drain finger electrode and the first
surface of the substrate between the gate finger electrode and
the drain finger electrode, 1s short-circuited to the source
finger electrode, and shields electrically the gate finger elec-
trode and the drain finger electrode from each other; wherein
the source terminal electrode 1s arranged between the gate
finger electrodes and the drain terminal electrode, and the
shield plate electrode 1s connected to the source terminal
clectrode.

Next, the embodiments are described with reference to the
drawings. Hereinaiter, the same numeral 1s given to the same
clement and an overlapping explanation 1s avoided, thereby
an explanation 1s simplified. The drawings are schematic and
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you should care that they are different from an actual thing.
The drawing contains a portion of an expansion ratio different
from the expansion ratio of other portion in the same drawing.

Embodiments shown below 1llustrates devices and meth-
ods for materializing a technical idea, and the embodiments
do not specily arrangement of each component part etc. as the
followings. Various modifications may be added to the
embodiments within coverage of claims attached herewith.

First Embodiment
Semiconductor Device

A schematic plane pattern structure of a semiconductor
device 25 concerning a first embodiment 1s shown in FIG. 1.
An enlarged diagram of a schematic plane pattern structure of
FIG. 1 1s shown 1n FIG. 2. In the semiconductor device 235
concerning the first embodiment, the schematic plane pattern
structure of a unit transistor portion 1s shown 1 FIG. 3, and a
schematic cross section taken along a III-11I line of FIG. 3 1s
shown 1 FIG. 4. Also 1n FIG. 1 and FIG. 2, a shield plate
clectrode 30 as shown in FIG. 3 1s arranged at each unit
transistor portion. A schematic cross section taken along a I-1
line of FIG. 2 1s shown in FIG. 7 to FIG. 10. In FI1G. 7 to FIG.
10, the shield plate electrode 30 1s shown 1n each drawing.

As shown in FI1G. 1 to FIG. 6, the semiconductor device 25
concerning the first embodiment 1s provided with a substrate
10, a gate electrode G, a source electrode S, a drain electrode
D, an nsulating layer 34, shield plate electrodes 30, a gate
terminal electrode (G1, source terminal electrodes S1, and a
drain terminal electrode D1. The gate electrode G 1s arranged
on a first surface of the substrate 10, and has a plurality of gate
finger electrodes 24. The source electrode S 1s arranged on the
first surface of the substrate 10, and has a plurality of source
finger electrodes 20. The source finger electrode 20 1s close to
the gate finger electrode 24. The drain electrode D 1s arranged
on the first surface of the substrate 10, and has a plurality of
drain finger electrodes 22. The drain finger electrode 22 faces
the source finger electrode 20 via the gate finger electrode 24.
In following explanations, the gate finger electrode 24 may be
simply called a gate electrode 24, and the source finger elec-
trode 20 may be simply called a source electrode 20, and the
drain finger electrode 22 may be simply called a drain elec-
trode 22.

As shown 1n FIG. 4, the insulating layer 34 1s arranged so
as to cover the gate electrode 24, the substrate 10 between the
gate electrode 24 and the source electrode 20, the substrate 10
between the gate electrode 24 and the drain electrode 22, at
least a part of the source electrode 20, and at least a part of the
drain electrode 22.

As shown i FIG. 4, the shield plate electrode 30 1s
arranged over the first surface of the substrate 10 between the
gate electrode 24 and the drain electrode 22, and the drain
clectrode 22 via the msulating layer 34, 1s short-circuited to
the source terminal electrode S1, and shields electrically the
gate electrode 24 and the drain electrode 22 from each other.

The gate terminal electrode (G1, the source terminal elec-
trodes S1 and S1, and the drain terminal electrode D1 are
arranged on the first surface of the substrate 10.

A plurality of the gate finger electrodes 24 are bundled and
are connected to the gate terminal electrode G1. A plurality of
the source finger electrodes 20 are bundled and are connected
to the source terminal electrodes S1 and S1. A plurality of the
drain finger electrodes 22 are bundled and are connected to
the drain terminal electrode D1.

Here, as shown 1in FIG. 1 and FIG. 2, the source terminal
clectrodes S1 and S1 are arranged between the gate terminal
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4

electrode (G1 and the drain terminal electrode D1, and shield
plate electrodes 30 are connected to the source terminal elec-

trodes S1 and S1.

The source terminal electrodes S1 and S1 are arranged
between an active region AA and the drain terminal electrode
D1. Here, the active region AA corresponds to an active

current conduction region of the substrate between the source
clectrode 20 and the drain electrode 22. The active region AA
also 1ncludes portions of the substrate 10 under the gate
electrode 24, the source electrode 20 and the drain electrode
22. Furthermore, the active region AA also includes a region
of the substrate 10 between the gate electrode 24 and the
source electrode 20 and a region of the substrate 10 between
the gate electrode 24 and the drain electrode 22. That 1s, the
source terminal electrodes S1 and S1 are arranged between
the gate electrode 24 and the drain terminal electrode D1.

And, the semiconductor device 25 concerning the first
embodiment 1s provided with a source bus line SBL which
connects the source electrodes 20 and the source terminal
electrodes S1, S1, and a drain bus line DBL which connects
the drain electrode 22 and the drain terminal electrode D1 as
shown 1n FI1G. 2. The source bus line SBL bundles a plurality
of the source finger electrodes 20. The drain bus line DBL
bundles a plurality of the drain finger electrodes 22.

The schematic cross section taken along the II-II line of
FI1G. 2 1s shown 1in FIG. 5, and another schematic cross section
taken along the II-II line of FIG. 2 1s shown 1n FIG. 6.

The drain bus line DBL may be arranged over the source
bus line SBL via an air gap, as shown in FIG. 2 and FIG. 5.

The drain bus line DBL may be arranged over the source
bus line SBL via an overlay insulating layer 40, as shown in
FIG. 2 and FIG. 6.

Here, the source bus line SBL is arranged on a pad insu-
lating film 44 arranged on the substrate 10, as shown 1n FIG.
5 and FIG. 6.

In addition, the shield plate electrode 30 1s separated from
the gate electrode 24 by at least only a distance WSG longer
than a thickness t1 of the insulating layer, as shown 1n FI1G. 4.
By constituting thus, effect of electric shield between a drain
and a gate 1s increased, and a capacitance Cgd between the
gate and the drain 1s reduced. When the shield plate electrode
30 1s separated from the gate electrode 24, an increase 1n a
capacitance Cgs between the gate and a source can be sup-
pressed. Here, the shield plate electrode 30 should be sepa-
rated from the gate electrode 24 by at least only the distance
WSG longer than the thickness t1 of the insulating layer.
Here, what 1s necessary 1s just WSG>0.

And, the shield plate electrode 30 covers at least a part of an
upper part of the drain electrode 22 via the insulating layer 34,
as shown in FIG. 3 and FIG. 4.

As for the effect of the electric shield between the gate and
the drain by the shield plate electrode 30, the thinner the
thickness t1 of the mnsulating layer 34 1s, the grater the etfect
1s. In the case where the thickness t1 of the insulating layer 34
1s relatively thick, the number of the lines of electric force
which run the inside of the insulating layer 34 between the
gate electrode 24 and the drain electrode 22 increases, and the
cifect of the electric shield between the gate electrode 24 and
the drain electrode 22 1s reduced. On the other hand, in the
case where the thickness t1 of the insulating layer 34 1is
relatively thin, the number of the lines of electric force which
run the inside of the insulating layer 34 between the gate
clectrode 24 and the drain electrode 22 decreases correspond-
ingly to a thinned part of the insulating layer 34, and the effect
of the electric shield between the gate electrode 24 and the
drain electrode 22 increases.
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As shown i FIG. 4, a drain pad electrode 22P may be
arranged on the drain electrode 22, and a source pad electrode
20P may be arranged on the source electrode 20. A resistance
ingredient of the drain electrode D and the source electrode S
which have finger structure, respectively can be reduced by
the drain pad electrode 22P and the source pad electrode 20P.

In addition, as shown in FIG. 4, in the semiconductor
device 25 concerning the first embodiment, an upper end of
the shield plate electrode 30 measured from the first surface of
the substrate 10 1s higher than an upper end of the gate
clectrode 24 by only a height HSG. By constituting thus, the
cifect of the electric shield between the drain and the gate can
be increased.

In the semiconductor device 25 concerning the first
embodiment, the source terminal electrodes S1, S1 are
arranged between the active region AA and the drain terminal
clectrode D1, and the shield plate electrode 30 1s connected to
the source terminal electrode S1. Under the source terminal

electrode S1, a VIA hole SC1 1s formed 1n the substrate 10.

The source terminal electrode S1 1s connected to the VIA hole
SC1. A ground electrode (not shown) 1s arranged on a second
surface opposite to the first surface of the substrate 10 and the
source terminal electrodes S1, S1 1s connected to ground
clectrode via the VIA holes SC1.

In the semiconductor device 25 concerning the first
embodiment, by arranging the shield plate electrode 30 which
1s short-circuited to the source electrode S1 near the drain
clectrode 22, the drain and the gate are electrically shielded
from each other, the capacitance Cgd between the gate and the
drain 1s reduced, and the increase 1n the capacitance Cgs
between the gate and the source can be suppressed. Accord-
ingly, concentration of electric field between the gate and the
drain can be relaxed without degrading a high-frequency
characteristic.

The capacitance Cgd between the gate and the drain can be
reduced 1n the semiconductor device 25 concerning the first
embodiment. As aresult, S parameter S12 can be reduced and
a semiconductor device of high gain can be obtained.

In addition, as shown 1in FIG. 1 and FIG. 2, the semicon-
ductor device 25 concerning the first embodiment includes: a
semi-insulating substrate 10; the gate electrode G which 1s
arranged on the first surface of the semi-insulating substrate
10 and has a plurality of the gate finger electrodes 24; the
source electrode S which 1s arranged on the first surface of the
semi-insulating substrate 10 and has a plurality of the source
finger electrodes 20; the drain electrode D which 1s arranged
on the first surface of the semi-1nsulating substrate 10 and has
a plurality of the finger electrodes 22; the gate terminal elec-
trode G1 which 1s arranged on the first surface of the semi-
insulating substrate 10 and 1s connects to a plurality of the
gate finger electrodes 24; the source terminal electrodes S1,
S1 which are arranged on the first surface of the semi-insu-
lating substrate 10 and are connected to a plurality of the
source finger electrodes 20; the drain terminal electrode D1
which 1s arranged on the first surface of the semi-insulating
substrate 10 and 1s connected to a plurality of the drain finger
clectrodes 22; the VIA hole SC1 which 1s arranged under the
source terminal electrode S1 and 1s formed 1n the substrate;
and the ground electrode (not shown) which 1s arranged on
the second surface opposite to the first surface of the semi-
insulating substrate 10 and 1s connected to the source terminal
electrodes S1, S1 via the VIA holes SC1.

A plurality of the gate electrodes 24 are connected to a gate
bus line 24a, and the gate bus line 244a 1s connected to the gate
terminal electrode G1 via a gate bus line 24b. The gate bus
line 24a bundles a plurality of the gate finger electrodes 24.
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An mput bonding wire 1s connected to the gate terminal
clectrode GG1, and an output bonding wire 1s connected to the
drain terminal electrode D1.

The VIA hole SC1 includes a barrnier metal layer (not
shown) which 1s formed on an mmner wall of a hole, and a
filling metal layer (not shown) which 1s formed on the barrier
metal layer and with which the hole 1s filled up. The source
terminal electrodes S1 and S1 are connected to the ground
clectrode (not shown) via the VIA hole SC1.

The semi-insulating substrate 10 1s any one of a GaAs
substrate, an S1C substrate, a GaN substrate, a substrate
including the S1C substrate on which a GaN epitaxial layer 1s
formed, a substrate including the S1C substrate on which a
hetero-junction epitaxial layer which consists of GalN/AlGaN
1s formed, a sapphire substrate, and a diamond substrate.

In addition, 1n the semiconductor device 235 concerning the
first embodiment, the semiconductor device 1s provided with
any one of a GaAs system HEMT, a GaAsMESFET and a
GaN system HEMT. That 1s, in semiconductor device 25
concerning first embodiment, a semiconducting material suit-
able for high-frequency operations, such as GalN and GaAs, 1s
used especially for the semiconductor device.

Construction of FET Cell

Constructional Example 1

FIG. 7 shows the constructional example 1 of an FET cell
by a schematic cross section taken along the I-I line of FIG. 2.
The FET cell includes: a substrate 10; an epitaxial layer 12
which 1s arranged on the substrate 10; an electron supplying
layer 18 which 1s arranged on the epitaxial layer 12; a source
clectrode 20, a gate electrode 24, and a drain electrode 22
which are arranged on the electron supplying layer 18; an
insulating layer 34 which 1s arranged so as to cover the gate
clectrode 24, the electron supplying layer 18 between the gate
clectrode 24 and the source electrode 20, the electron supply-
ing layer 18 between the gate electrode 24 and the drain
clectrode 22, at least a part of the source electrode 20, and at
least a part of the drain electrode 22; and a shield plate
clectrode 30 which 1s arranged via the insulating layer 34 over
the drain electrode 22 and the electron supplving layer 18
between the gate electrode 24 and the drain electrode 22, 1s
short-circuited to a source terminal electrode S1, and shields
clectrically the gate electrode 24 and the drain electrode 22
from each other. A two-dimensional electron gas (2DEG)
layer 16 1s formed 1n an interface of the epitaxial layer 12 and
the electron supplying layer 18. A high-electron mobility
transistor (HEMT) 1s shown 1n FIG. 7.

As a specific material, in the case of a GaAs system HEMT,
the substrate 10 1s formed by a GaAs substrate, the epitaxial
layer 12 1s formed by a GaAs layer, and the electron supplying
layer 18 1s formed by an aluminum galllum arsenide layer
(Al Ga,_As) (0.1=y=<1), for example. In the case of a GaN
system HEMT, the substrate 10 1s formed by a GaN substrate
or an S1C substrate, the epitaxial layer 12 1s formed by a GalN
layer, and the electron supplying layer 18 1s formed by the
aluminum gallium nitride layer (Al Ga,_N) (0.1=x=<1), for
example. In the constructional example 1 shown in FI1G. 7, the
substrate 10, the epitaxial layer 12 and the electron supplying
layer 18 correspond to the substrate 10 1n FIG. 4 as a whole.

As shown 1 FIG. 7, a drain pad electrode 22P may be
arranged on the drain electrode 22, and a source pad electrode
20P may be arranged on the source electrode 20. The resis-
tance mngredient of the drain electrode D and the source elec-
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trode S which have finger structures, respectively, can be
reduced by the drain pad electrode 22P and the source pad
clectrode 20P.

Constructional Example 2

FIG. 8 shows the constructional example 2 of an FET cell
by a schematic cross section taken along the I-I line of FI1G. 2.
An FET cell includes: a substrate 10; an epitaxial layer 12
which 1s arranged on the substrate 10; a source region 26 and
a drain region 28 which are arranged 1n the epitaxial layer 12;
a source electrode 20 which 1s arranged on the source region
26; a gate electrode 24 which 1s arranged on an epitaxial layer
12; a drain electrode 22 which 1s arranged on the drain region
28; an mnsulating layer 34 which 1s arranged so as to cover the
gate electrode 24, the epitaxial layer 12 between the gate
clectrode 24 and the source electrode 20, the epitaxial layer
12 between the gate electrode 24 and the drain electrode 22,
at least a part of the source electrode 20, and at least a part of
the drain electrode 22; and a shield plate electrode 30 which
1s arranged via the imnsulating layer 34 over the drain electrode
22 and the epitaxial layer 12 between the gate electrode 24
and the drain electrode 22, 1s short-circuited to a source
terminal electrode S1 and shields electrically the gate elec-
trode 24 and the drain electrode 22 from each other. A schot-
tky contact 1s formed 1n an interface of the epitaxial layer 12
and the gate electrode 24. A metal-semiconductor field effect
transistor (MESFET) 1s shown 1n FIG. 8. For example, in the
case of a GaAs MESFET, the substrate 10 1s formed by a
(GaAs substrate, and the epitaxial layer 12 1s formed by an
epitaxially grown GaAs layer. The source region 26 and the
drain region 28 can be formed by 1on implantation, such as Si
ion etc. In the constructional example 2 shown 1n FIG. 8, the
substrate 10 and the epitaxial layer 12 correspond to the
substrate 10 1n FIG. 4 as a whole.

As shown i FIG. 8, a drain pad electrode 22P may be
arranged on the drain electrode 22, and a source pad electrode
20P may be arranged on the source electrode 20. The resis-
tance ingredient of the drain electrode D and the source elec-
trode S which have finger structures, respectively, can be
reduced by the drain pad electrode 22P and the source pad
clectrode 20P.

Constructional Example 3

FIG. 9 shows a constructional example 3 of an FET cell by
a schematic cross section taken along the I-I line of FIG. 2. An
FET cell includes: a substrate 10; an epitaxial layer 12 which
1s arranged on the substrate 10; an electron supplying layer 18
which 1s arranged on the epitaxial layer 12; a source electrode
20 and a drain electrode 22 which are arranged on the electron
supplying layer 18; a gate electrode 24 which 1s arranged on
a recess part of the electron supplying layer 18; an insulating
layer 34 which 1s arranged so as to cover the gate electrode 24,
the electron supplying layer 18 between the gate electrode 24
and the source electrode 20, the electron supplying layer 18
between the gate electrode 24 and the drain electrode 22, at
least a part of the source electrode 20, and at least a part of the
drain electrode 22; and a shield plate electrode 30 which 1s
arranged via the msulating layer 34 over the drain electrode
22 and the electron supplying layer 18 between the gate
electrode 24 and the drain electrode 22, 1s short-circuited to a
source terminal electrode S1, and shields electrically the gate
clectrode 24 and the drain electrode 22 from each other. A
2DEG layer 16 1s formed 1n an interface of the epitaxial layer
12 and the electron supplying layer 18. An HEMT 1s shown in
FIG. 9.
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As a specific material, in the case of a GaAs system HEMT,
the substrate 10 1s formed by a GaAs substrate, the epitaxial

layer 12 1s formed by a GaAs layer, and the electron supplying
layer 18 1s formed by an aluminum gallium arsenide layer
(Al Ga,_ As) (0.1=y=1), for example. In addition, in the case
of a GaAs system HEMT, an active layer may be formed by
ion implantation of Si1on etc. 1n the electron supplying layer
18 directly under the gate electrode 24.

In the case of a GaN system HEMT, the substrate 10 1s
formed by a GaN substrate or an S1C substrate, the epitaxial
layer 12 1s formed by a GaN layer, and the electron supplying
layer 18 1s formed by the aluminum gallium nitride layer
(Al Ga,_N) (0.1=x<1), for example. In the constructional
example 3 shown 1n FIG. 9, the substrate 10, the epitaxial
layer 12 and the electron supplying layer 18 correspond to the
substrate 10 in FIG. 4 as a whole.

As shown 1 FIG. 9, a drain pad electrode 22P may be
arranged on the drain electrode 22, and a source pad electrode
20P may be arranged on the source electrode 20. The resis-
tance mgredient of the drain electrode D and the source elec-
trode S which have finger structure, respectively can be

reduced by the drain pad electrode 22P and the source pad
clectrode 20P.

Constructional Example 4

FIG. 10 shows the constructional example 4 of an FET cell
by a schematic cross section taken along the I-I line of FIG. 2.
An FET cell includes: a substrate 10; an epitaxial layer 12
which 1s arranged on the substrate 10; an electron supplying
layer 18 which 1s arranged on the epitaxial layer 12; a source
clectrode 20 and a drain electrode 22 which are arranged on
the electron supplying layer 18; a gate electrode 24 which 1s
arranged on a two-step recess part of the electronic supplying
layer 18; an insulating layer 34 which 1s arranged so as to
cover the gate electrode 24, the electronic supplying layer 18
between the gate electrode 24 and the source electrode 20, the
clectronic supplying layer 18 between the gate electrode 24
and the drain electrode 22, at least a part of the source elec-
trode 20, and at least a part of the drain electrode 22; and a
shield plate electrode 30 which 1s arranged via the insulating,
layer 34 over the drain electrode 22 and the electronic sup-
plying layer 18 between the gate electrode 24 and the drain
electrode 22, 1s short-circuited to a source terminal electrode
S1, and shields electrically the gate electrode 24 and the drain
clectrode 22 from each other. A 2DEG layer 16 1s formed in an
interface of the epitaxial layer 12 and the electron supplying
layer 18. An HEMT i1s shown 1n FIG. 10.

As a specific material, in the case of a GaAs system HEMT,
the substrate 10 1s formed by a GaAs substrate, the epitaxial
layer 12 1s formed by a GaAs layer, and the electron supplying
layer 18 1s formed by an aluminum gallium arsenide layer
(Al,Ga,_As) (0.1=y=1), for example. In addition, in the case
of a GaAs system HEMT, an active layer may be formed by
ion implantation of Si1on etc. 1n the electron supplying layer
18 directly under the gate electrode 24.

In the case of a GaN system HEMT, the substrate 10 1s
formed by a GaN substrate or an S1C substrate, the epitaxial
layer 12 1s formed by a GaN layer, and the electron supplying
layer 18 1s formed by the aluminum gallium nitride layer
(Al _Ga, N) (0.1=x<1), for example. In the constructional
example 4 shown 1n FIG. 10, the substrate 10, the epitaxial
layer 12 and the electron supplying layer 18 correspond to the
substrate 10 1n FIG. 4 as a whole.

In addition, 1n the semiconductor device 235 concerning the
first embodiment, as for the gate electrode 24, a cross section
shape of the gate electrode 24 1n a cross section 1n a direction
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ol a channel between the source and the drain may be formed
in T type so that the electric field i the circumierence of the
gate electrode 24 may be relaxed.

As shown 1n FIG. 10, a drain pad electrode 22P may be
arranged on the drain electrode 22, and a source pad electrode
20P may be arranged on the source electrode 20. The resis-
tance mgredient of the drain electrode D and the source elec-
trode S which have finger structures, respectively, can be
reduced by the drain pad electrode 22P and the source pad

clectrode 20P.
(Modification 1)

A schematic plane pattern structure of the semiconductor
device concerning a modification 1 of the first embodiment 1s
shown 1 FIG. 11. In the semiconductor device concerning
the modification 1 of the first embodiment, a shield plate
clectrode 30 overlaps with a part of a drain electrode 22. That
1s, a length L0 of the drain electrode 22 which 1s in contact
with an active region AA, and a length L1 of the shield plate
clectrode 30 which 1s arranged on the active region AA, are 1n
a relation of L1<L0.

In FIG. 11, a schematic cross section taken along a III-111
line 1s the same as that of FIG. 4.

In the semiconductor device 25 concerning the modifica-
tion 1 of the first embodiment, source terminal electrodes S1,
S1 are arranged between the active region AA and a drain
terminal electrode D1, and a shield plate electrode 30 1s
connected to the source terminal electrode S1. Under the
source terminal electrode S1, a VIA hole SC1 1s formed 1n the
substrate 10. The source terminal electrode S1 1s connected to
the VIA hole SC1.

In the semiconductor device concerning the modification 1
of the first embodiment, since the shield plate electrode 30
overlaps with a part of the drain electrode 22, the shield plate
clectrode 30 shields the drain and the gate from each other
clectrically, reduces a capacitance Cgd between the gate and
the drain, and can suppress an increase 1n a capacitance Cgs
between the gate and the source. As a result, according to the
modification 1 of the first embodiment, a semiconductor
device of high gain can be obtained. Other composition 1s the
same as that of the first embodiment.

(Modification 2)

A schematic plane pattern structure of a high-frequency
semiconductor device concerning a modification 2 of the first
embodiment 1s shown 1n FIG. 12. A schematic cross section
taken along the IV-1V line of FI1G. 12 1s shown 1n FI1G. 13, and
another schematic cross section taken along the IV-1V line of
FIG. 12 1s shown in FIG. 14.

In the semiconductor device 25 concerning the modifica-
tion 2 of the first embodiment, source terminal electrodes S1,
S1 are arranged between an active region AA and a drain
terminal electrode D1, and a shield plate electrode 30 1s
connected to a source terminal electrode S1. Under the source
terminal electrode S1, a VIA hole SC1 1s formed 1n the sub-
strate 10. The source terminal electrode S1 1s connected to the
VIA hole SC1.

The semiconductor device 25 concerning the modification
2 of the first embodiment 1s provided with shield plate short
circuit lines 32a, 325, 32¢ and 324. The shield plate short
circuit line 32a, 325, 32¢ and 32d overlap with a gate elec-
trode 24, and short-circuits a source electrode 20 and a shield
plate electrode 30.

In the example of FIG. 13, each of the shield plate short
circuit lines 32a, 325, 32¢ and 32d 1s arranged over the gate
clectrode 24 via an air gap GAP. In the example of FIG. 14,
cach of the shield plate short circuit lines 32a, 326, 32¢ and
324 1s arranged over the gate electrode 24 via an insulating
layer 34.
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In the semiconductor device concerning the modification 2
of the first embodiment, since the shield plate short circuit
lines 32a, 325, 32¢ and 32d overlap with the gate electrode 24
via the air gap GAP or the insulating layer 34, a line which
short-circuits the source electrode 20 and the shield plate
clectrode 30 can be shortened.

For this reason, inductance of a parasitic inductor con-
nected to a source of the FET cell can be reduced, and feed-
back impedance of each FET cell can be reduced.

In the semiconductor device concerning the modification 2
of the first embodiment, the shield plate short circuit lines
32a,32b,32cand 32d shield electrically the drain and the gate
from each other, reduces a capacitance Cgd between the gate
and the drain, and can suppress an increase 1n a capacitance
Cgs between the gate and the source. Accordingly, concen-
tration of electric field between the gate and the drain can be
relaxed without degrading a high-frequency characteristic.

The semiconductor device 235 concerning the modification
2 of the first embodiment can reduce the capacitance Cgd
between the gate and the drain. For this reason, S parameter
S12 can be reduced and a semiconductor device of high gain
can be obtained. Other composition is the same as that of the
first embodiment.

(Modification 3)

A schematic plane pattern structure of a unit transistor
portion of a semiconductor device concerning a modification
3 of the first embodiment 1s shown 1n FIG. 15, and a schematic
cross section taken along the V-V line of FIG. 15 1s shown 1n
FIG. 16.

In the semiconductor device 25 concerning the modifica-
tion 3 of the first embodiment, as shown in FIG. 16, a shield
plate electrode 30 1s arranged over a drain electrode 22 and a
first surface of a substrate 10 between a gate electrode 24 and
a drain electrode 22 via an msulating layer 34, 1s connected to
a source terminal electrode S1, and shields electrically the
gate electrode 24 and the drain electrode 22 from each other.

In the semiconductor device 25 concerning the modifica-
tion 3 of the first embodiment, since the shield plate electrode
30 1s arranged via a msulating layer 34 over the drain elec-
trode 22 as shown 1n FIG. 16, compared with the first embodi-
ment and the modifications 1 and 2 thereof, effect of electric
shield between the gate electrode 24 and the drain electrode
22 15 increased.

In the semiconductor device 25 concerning the modifica-
tion 3 of the first embodiment, the source terminal electrodes
S1, S1 are arranged between an active region AA and a drain
terminal electrode D1, and the shield plate electrode 30 1s

connected to the source terminal electrodes S1, S1. Under the
source terminal electrode S11, a VIA hole SC1 1s formed 1n
the substrate 10. The source terminal electrode S1 1s con-
nected to the VIA hole SC1.

In the semiconductor device 25 concerning the modifica-
tion 3 of the first embodiment, by arranging the shield plate
clectrode 30 which 1s connected to the source terminal elec-
trode S1 near the drain electrode 22, a drain and a gate are
shielded electrically from each other, a capacitance Cgd
between the gate and the drain 1s reduced, an increase 1n a
capacitance Cgs between the gate and a source can be sup-
pressed. Accordingly, concentration of electric field between
the gate and the drain can be relaxed without degrading a
high-frequency characteristic.

The semiconductor device 235 concerning the modification
3 of the first embodiment can reduce the capacitance Cgd
between the gate and the drain. As a result, S parameter S12
can be reduced and a semiconductor device of high gain can
be obtained. Other composition 1s the same as that of the first
embodiment.
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(Modification 4)

A schematic plane pattern structure of a semiconductor
device concerning a modification 4 of the first embodiment 1s
shown 1 FIG. 17. In the semiconductor device concerning
the modification 4 of the first embodiment, a shield plate
clectrode 30 overlaps with a part of a drain electrode 22. That
1s, a length L0 of the drain electrode 22 which 1s in contact
with an active region AA, and a length L1 of the shield plate
clectrode 30 which 1s arranged on the active region AA, are 1n

a relation of L1<L0.
In FI1G. 17, a schematic cross section taken along a V-V line

1s the same as that of FIG. 16.

In the semiconductor device 25 concerning the modifica-
tion 4 of the first embodiment, source terminal electrodes S1,
S1 are arranged between the active region AA and a drain
terminal electrode D1, and a shield plate electrode 30 1s
connected to the source terminal electrode S1. Under the
source terminal electrode S1, a VIA hole SC1 1s formed 1n a

substrate 10. The source terminal electrode S1 1s connected to
the VIA hole SC1.

In the semiconductor device concerning the modification 4
of the first embodiment, since the shield plate electrode 30
overlaps with a part of the drain electrode 22, a drain and a
gate are shielded electrically from each other, a capacitance
Cgd between the gate and the drain 1s reduced, and an increase
in a capacitance Cgs between the gate and g source can be
suppressed. As aresult, according to the modification 4 of the
first embodiment, a semiconductor device of high gain can be
obtained. Other composition 1s the same as that of the first
embodiment.

(Modification 5)

A schematic plane pattern structure of a high-frequency
semiconductor device concerning a modification 5 of the first
embodiment 1s shown 1n FIG. 18. A schematic cross section
taken along a VI-VI line of FI1G. 18 1s shown 1n FIG. 19, and
another schematic cross section taken along the VI-VI line of
FIG. 18 1s shown 1n FIG. 20.

In the semiconductor device 25 concerning the modifica-
tion 5 of the first embodiment, source terminal electrodes S1,
S1 are arranged between an active region AA and a drain
terminal electrode D1, and a shield plate electrode 30 1s
connected to the source terminal electrode S1. Under the
source terminal electrode S1, a VIA hole SC1 1s formed 1n a
substrate 10. The source terminal electrode S1 1s connected to
the VIA hole SC1.

The semiconductor device 25 concerning the modification
S of the first embodiment 1s provided with shield plate short
circuit lines 32a, 3256, 32¢ and 32d. The shield plate short
circuit line 32a, 325, 32¢ and 32d overlap with a gate elec-
trode 24, and short-circuit a source electrode 20 and the shield
plate electrode 30.

In an example of FIG. 19, each of the shield plate short
circuit line 32a, 32b, 32¢ and 324 1s arranged via an air gap
GAP over the gate electrode 24. In the example of FIG. 20,
cach of the shield plate short circuit lines 324, 325, 32¢ and
32d 1s arranged via an 1nsulating layer 34 over the gate elec-
trode 24.

In the semiconductor device concerning the modification 3
of the first embodiment, since the shield plate short circuit
line 32a, 3256, 32¢ and 32d overlap with the gate electrode 24
via the air gap GAP or the insulating layer 34, a line which
short-circuits the source electrode 20 and the shield plate
electrode 30 can be shortened. For this reason, inductance of
a parasitic inductor connected to a sauce of the FET cell can
be reduced, and feedback impedance of each FET cell can be
reduced.
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In the semiconductor device concerning the modification 5
of the first embodiment, a drain and a gate are shielded elec-
trically from each other, a capacitance Cgd between the gate
and the drain 1s reduced, an increase 1n a capacitance Cgs
between the gate and the source can be suppressed. Accord-
ingly, concentration of electric field between the gate and the
drain can be relaxed without degrading a high-frequency
characteristic.

In the semiconductor device 25 concerning the modifica-
tion S5 of the first embodiment, since the capacitance Cgd
between the gate and the drain can be reduced, S parameter
S12 can be reduced and a semiconductor device of high gain
can be obtained. Other composition 1s the same as that of the
first embodiment.

Second Embodiment
Semiconductor Device

An enlarged schematic plane pattern structure of a semi-
conductor device 25 concerning a second embodiment 1s
shown 1n FIG. 21. The schematic plane pattern structure of
the semiconductor device 25 concerning the second embodi-
ment 1s stmilarly expressed as FIG. 1. In the semiconductor
device 25 concerning the second embodiment, a schematic
plane pattern structure of a unit transistor portion 1s similarly
expressed as FI1G. 3, and a schematic cross section 1s similarly
expressed as FIG. 4.

The semiconductor device 25 concerning the second
embodiment 1s provided with a substrate 10, a gate electrode
24, a source e¢lectrode 20, a drain electrode 22, an msulating
layer 34, a shield plate electrode 30, a gate terminal electrode,
a source terminal electrode, and a drain terminal electrode as
shown 1n FIG. 21.

The gate electrode G 1s arranged on a {irst surface of the
substrate 10, and has a plurality of gate finger electrodes 24.
The source electrode S 1s arranged on the first surface of the
substrate 10 and has a plurality of source finger electrodes 20.
The source finger electrode 20 1s close to the gate electrode
24. The drain electrode D 1s arranged on the first surface of the
substrate 10, and has a plurality of drain finger electrodes 22.
The drain finger electrode 22 faces the source finger electrode
20 via the gate finger electrode 24.

Like FIG. 4, the mnsulating layer 34 is arranged so as to
cover the gate electrode 24, the substrate 10 between the gate
electrode 24 and the source electrode 20, the substrate 10
between the gate electrode 24 and the drain electrode 22, at
least a part of the source electrode 20 and at least a part of the
drain electrode 22

Like FI1G. 4, the shield plate electrode 30 1s arranged via the
insulating layer 34 over the drain electrode 22 and a first
surface of the substrate 10 between the gate electrode 24 and
the drain electrode 22, 1s connected to the source terminal
clectrodes S1 and S1, and shields electrically the gate elec-
trode 24 and the drain electrode 22 from each other.

The gate terminal electrode GG1, the source terminal elec-
trodes S1 and S1, and the drain terminal electrode D1 are
arranged on the first surface of the substrate 10. A plurality of
the gate finger electrodes 24 are connected to the gate termi-
nal electrode G1 via the gate buses 24a and 24b5. A plurality of
the source finger electrodes 20 are connected to the source
terminal electrodes S1 and S1. A plurality of the drain finger
clectrodes 22 are connected to the drain terminal electrode
D1.

Here, as shown 1n FIG. 1 and FIG. 21, the source terminal
clectrodes S1 and S1 are arranged between the gate terminal
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electrode (G1 and the drain terminal electrode D1, and the
shield plate electrode 30 1s connected to the source terminal
clectrode S1.

The source terminal electrodes S1 and S1 are arranged
between an active region AA and the drain terminal electrode
D1.

The semiconductor device 235 concerning the second
embodiment 1s provided with a source bus line SBL which
connects the source terminal electrodes S1, S1 and the source
electrodes 20, and a drain bus line DBL which connects the
drain electrodes 22 and the drain terminal electrode D1 as
shown 1n FIG. 21.

A schematic cross section taken along a VII-VII line of
FI1G. 21 1s shown 1n FIG. 22, and another schematic cross
section taken along the VII-VII line of FIG. 21 1s shown 1n
FIG. 23. A schematic bird’s-eye view structure of air gap
structure of J portion of FIG. 21 1s shown 1n FIG. 24.

The source bus line SBL may be arranged via an air gap
(GAP over the drain bus line DBL, as shown in FIG. 21 and
FIG. 22.

Furthermore, the source bus line SBL may be arranged via
an overlay 1sulating layer 42 over the drain bus line DBL, as
shown 1n FIG. 21 and FIG. 23.

Here, the drain bus line DBL 1s arranged on a pad insulating,
f1lm 44 arranged on the substrate 10, as shown 1n FI1G. 22 and
FIG. 23.

In the semiconductor device 25 concerning the second
embodiment, the source bus line SBL 1s arranged via the air
gap GAP or the overlay insulating layer 42 over the drain bus
line DBL., as shown 1n FIG. 21 and FIG. 24. For this reason,
the source bus line SBL or a connection between the source
terminal electrode S1 and the source electrode 20 1s also made
via the air gap GAP or the overlay msulating layer 42.

Similarly, the source bus line SBL or a connection between
the source terminal electrode S1 and the shield plate electrode
30 1s also made via the air gap GAP or the overlay msulating
layer 42. Other composition 1s the same as that of the {first
embodiment.

Also 1n the semiconductor device 25 concerning the second
embodiment, the same composition as the first embodiment
and 1ts modifications 1 to 5 1s applicable. The constructional
examples 1 to 4 of the FET cell shown in FIG. 7 to FIG. 10 are
applicable similarly.

In the semiconductor device 25 concerning the second
embodiment, the source terminal electrodes S1 and S1 are
arranged between the active region AA and the drain terminal
clectrode D1, and the shield plate electrode 30 1s connected to
the source terminal electrode S1. Under the source terminal
electrode S1, a VIA hole SC1 1s formed 1n the substrate 10.
The source terminal electrode S1 1s connected to the VIA hole
SC1.

In the semiconductor device 25 concerning the second
embodiment, by arranging the shield plate electrode 30 which
1s connected to the source terminal electrodes S1, S1 near the
drain electrode 22, a drain and a gate are shielded electrically
from each other, a capacitance Cgd between the gate and the
drain 1s reduced, an increase 1n a capacitance Cgs between the
gate and a source can be suppressed. Accordingly, concentra-
tion of electric field between the gate and the drain can be
relaxed without degrading a high-frequency characteristic.

The capacitance Cgd between the gate and the drain can be
reduced in the semiconductor device 25 concerning the sec-
ond embodiment. As aresult, S parameter S12 can be reduced
and a semiconductor device of high gain can be obtained.

10

15

20

25

30

35

40

45

50

55

60

65

14

As explained above, according to this embodiment, a semi-
conductor device of high gain can be provided.

Other Embodiments

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

In addition, as a semiconductor chip carried 1n the semi-
conductor device concerning the embodiments, not only an
FET and an HEMT but an amplification element, such as an

LDMOS (Laterally Diffused Metal-Oxide-Semiconductor

Field Effect Transistor), an HBT (Hetero-junction bipolar
transistor), etc. are applicable.

What 1s claimed 1s:

1. A semiconductor device, comprising;:

a substrate;

a gate electrode which 1s arranged on a first surface of the
substrate and has a plurality of gate finger electrodes;

a source electrode which 1s arranged on the first surface of
the substrate and has a plurality of source finger elec-
trodes, and the source finger electrode 1s close to the gate
electrode;

a drain electrode which 1s arranged on the first surface of
the substrate and has a plurality of drain finger elec-
trodes, and the drain finger electrode faces the source
finger electrode via the gate finger electrode;

a gate terminal electrode which 1s arranged on the first
surface of said substrate and 1s connected to a plurality of
the gate finger electrodes;

a source terminal electrode which 1s arranged on the first
surface of said substrate and 1s connected to a plurality of
the source finger electrode; a drain terminal electrode
which 1s arranged on the first surface of said substrate
and 1s connected to a plurality of the drain finger elec-
trodes;

an insulating layer which 1s arrange to cover the gate finger
clectrode, the substrate between the gate finger electrode
and the source finger electrode, the substrate between
the gate finger electrode and the drain finger electrode,
and at least a part of the source finger electrode and at

least a part of the drain finger electrode; and

a shield plate electrode which 1s arranged via the insulating,

layer over the drain finger electrode and the first surface

of the substrate between the gate finger electrode and the
drain finger electrode, 1s short-circuited to the source
finger electrode, and shields electrically the gate finger
clectrode and the drain finger electrode from each other;

wherein the source terminal electrode 1s arranged between
the gate finger electrodes and the drain terminal elec-
trode, and the shield plate electrode 1s connected to the
source terminal electrode.

2. The semiconductor device according to the claim 1,

turther comprising:

a gate bus line which bundles a plurality of the gate finger
clectrodes and connects a plurality of the gate finger
clectrodes and the gate terminal electrode,
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a source bus line which bundles a plurality of the source
finger electrodes and connects a plurality of the source
finger electrodes and the source terminal electrode, and

a drain bus line which bundles a plurality of the drain finger
clectrodes and connects a plurality of the drain finger
clectrodes and the drain terminal electrode.

3. The semiconductor device according to the claim 2,
wherein the drain bus line 1s arranged via an overlay insulat-
ing layer over the source bus line.

4. The semiconductor device according to the claim 2,
wherein the drain bus line 1s arranged via an air gap over the
source bus line.

5. The semiconductor device according to the claim 2,
wherein the source bus line 1s arranged via an overlay insu-
lating layer over the drain bus line.

6. The semiconductor device according to the claim 2,
wherein the source bus line 1s arranged via an air gap over the
drain bus line.

7. The semiconductor device according to the claim 1,
wherein the shield plate electrode 1s separated from the gate
finger electrode by at least only a distance longer than a
thickness of the insulating layer.

8. The semiconductor device according to the claim 1,
wherein the shield plate electrode covers at least a part of an
upper part of the drain finger electrode via the insulating
layer.

9. The semiconductor device according to the claim 1,
turther comprising a shield plate short circuit line which 1s
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arranged on the substrate and short-circuits the shield plate
clectrode and the source finger electrode.

10. The semiconductor device according to the claim 9,
wherein the shield plate short circuit line overlaps with the
gate finger electrode.

11. The semiconductor device according to the claim 8,
wherein the shield plate short circuit line 1s arranged via the
insulating layer on the gate finger electrode.

12. The semiconductor device according to the claim 9,
wherein the shield plate short circuit line 1s arranged via an air
gap on the gate finger electrode.

13. The semiconductor device according to the claim 1,
wherein an upper end of the shield plate electrode measured
from the first surface of the substrate 1s higher than an upper
end of the gate finger electrode.

14. The semiconductor device according to the claim 1,
wherein the substrate 1s any one of a GaAs substrate, an SiC
substrate, a GaN substrate, a substrate 1n which a GaN epi-
taxial layer 1s formed on the S1C substrate, a substrate in
which a hetero-junction epitaxial layer which consists of

GaN/AlGaN 1s formed on the SiC substrate, a sapphire sub-
strate and a diamond substrate.
15. The semiconductor device according to the claim 1,

wherein the semiconductor device 1s provided with a GaAs
systems HEMT, a GaAs MESFET and a GaN system HEMT.
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